It has been argued that the efficacy superiority found in meta-analyses for some of the atypical antipsychotics is an artifact of higher dropout rates due to side effects in the haloperidol group combined with last-observationcarried-forward (LOCF) analyses. We therefore reanalyzed a number of pivotal studies comparing new generation antipsychotics (NGAs) and conventional antipsychotics (CAs). A total of 5 studies (n = 1271) comparing amisulpride and 3 studies (n = 2454) comparing olanzapine with CAs were reanalyzed using original patient data. We applied 4 different models: LOCF, completer analysis, LOCF but excluding dropouts due to adverse events, and LOCF but excluding all dropouts with the exception of dropouts related to efficacy. Effect sizes expressed as standardized mean differences between NGAs and CAs based on the 4 different analysis models were compared. The overall results were not different irrespective of the model used. Single studies, however, showed higher effect sizes when LOCF instead of other models was used. Overall, it does not seem that higher dropout rates due to side effects in the haloperidol groups together with LOCF analyses consistently biased the results in favor of amisulpride and olanzapine. Because the results of the single studies, however, showed that this may occasionally be the case, future studies should look at the data from different angles applying sensitivity analyses, and they may use alternative statistics such as mixed models, which need to be developed further. Ultimately, strategies to reduce dropout rates are needed.
Introduction
There is currently a debate about the new generation antipsychotics (NGAs), so-called atypical antipsychotic drugs. While it is quite clear that the NGAs induce fewer extrapyramidal side effects (EPS) than high potency conventional antipsychotics (CAs) such as haloperidol, 1, 2 meta-analyses have also shown that some of the new antipsychotics-amisulpride, clozapine, olanzapine, and risperidone-may be more efficacious than CAs. 2, 3 Many have recently argued that this efficacy superiority of the NGA may just have been an artifact of the use of last-observation-carried-forward (LOCF) analyses, and this point has been developed most elegantly by Rosenheck. 4 The argument made concerns the following: when a patient terminates a study prematurely, in LOCF, his last observation is used (carried forward) as his endpoint evaluation. Given that the high potency CAs such as haloperidol induce more EPS than NGAs, it is assumed that more patients in the CA group leave the studies prematurely than in the NGA group. Thus, NGAs have more time to act on symptoms if the data are analyzed on an LOCF basis. 4 We, therefore, reanalyzed original patient data from pivotal studies comparing amisulpride and olanzapine with CAs to assess whether the results differed if the calculations were based on LOCF or on 3 other models taking the dropout problem into account.
Methods

The Database
We reanalyzed original patient data of 5 published randomized controlled trials (RCT) that compared amisulpride with haloperidol/flupenthixol 5-9 and 3 studies comparing olanzapine with haloperidol [10] [11] [12] in a post hoc analysis. Important characteristics of the studies included are presented in table 1 .
The 5 amisulpride studies represent the manufacturer's complete data set of trials comparing amisulpride with CAs with the exception of one trial 13 which did not use either the Brief Psychiatric Rating Scale (BPRS 14 ) or the Positive and Negative Syndrome Scale (PANSS 15 ) and could therefore not be included. A number of further old and small amisulpride vs CAs comparisons have been published, but the necessary original patient data are no longer available because amisulpride has changed its owner several times. [16] [17] [18] [19] [20] [21] The 3 olanzapine studies are the largest trials comparing olanzapine with haloperidol and are the ones that were used for registering olanzapine at the Food and Drug Administration (FDA). All studies were randomized and all but one 5 were double blind. All trials examined patients with schizophrenia, schizoaffective disorder, or schizophreniform disorder according to Diagnostic and Statistical Manual for Mental Disorders, Third Edition, Revised (DSM-III-R) or (DSM-IV ), 22, 23 and with one exception, 6 all required various minimum scores as an inclusion criterion to assure that the patients had positive symptoms. One potentially ineffective 100 mg/d amisulpride dose group (n = 61) from the study by Puech and colleagues 8 and the potentially ineffective 1 mg and 5 6 2.5 mg olanzapine dose groups were excluded a priori. Otherwise, if studies used several effective dose groups, these were pooled and considered as one group in the analysis. 8, 10, 11 The mean BPRS total score at baseline of all included patients in the amisulpride studies was 59.2 6 12.5, and in the olanzapine studies it was 53.0 6 11.2. The total number of patients in the amisulpride data set was 1271 (812 men, 459 women; 825 received amisulpride, 445 received haloperidol or flupenthixol; mean age 35.47 6 10.83 years, weight 
Statistical Analysis
We used BPRS rather than the PANSS for our analyses because not all studies used the PANSS. When necessary, the BPRS items were extracted from the PANSS. All analyses were based on the difference between amisulpride/olanzapine and CAs concerning the change of the BPRS total score from baseline. In total, 4 different models were compared:
The results were calculated based on an LOCF approach including all patients who had been randomized. In contrast to recent trials that often included only those patients who had at least one postbaseline rating, we included all randomized patients. This approach, a strict once randomized-analyzed model that is also applied in reviews of the Cochrane Schizophrenia Group, 24 should bias the findings even more in favor of the new antipsychotics because severe EPS such as acute dystonias induced by haloperidol frequently occur in the first days of treatment. Including only those patients with at least one postbaseline assessment would mean to exclude early dropouts due to haloperidol-induced EPS. In the amisulpride data set only 23 (1.8%) and in the olanzapine only 63 (2.6%) patients dropped out without a postbaseline rating, however, so that it is very unlikely that the ''at least one postbaseline assessment approach'' would have yielded different results. LOCF shows the efficacy of a drug on the whole-study population for the entire time when patients are on it. It is, however, a composite measure reflecting also factors other than efficacy. Assume that there are differences in dropouts due to side effects (or any other reason) between the drugs compared. Then the time the more side effect-associated drug had to act on symptoms will be shorter in the LOCF analysis. A major problem of LOCF is that it assumes that there would not have been any change after dropout if the assessments had been conducted (see later in ''Discussion'').
Model 2. Completers (CO) were analyzed, which means only those patients who were still in the study at the last planned evaluation. Thus, these were the patients who in both groups received the full length of the planned treatment. Such a CO analysis can tell what the maximum effect is that a clinician could expect from a medication in people who are willing to continue taking it. This can to a certain extent rule out the problem that LOCF is not necessarily conservative when atypical and typical antipsychotics are compared. Because the tolerability of the former is better, more people on typical antipsychotics may dropout, so that atypical antipsychotics have more time to act on the symptoms. In CO analyses, both groups received treatment for the same amount of time.
Model 3.
This was an LOCF analysis excluding all those patients who dropped out of the studies due to adverse events. This model directly addresses the criticism that the higher rate of adverse events under treatment with CAs may bias the results when LOCF is applied. 4 Excluding all dropouts due to adverse events eliminates this factor. Thus, this model analyses the efficacy of 2 drugs for all patients who tolerate them.
Model 4.
This was an LOCF approach excluding all dropouts with the exception of those due to inefficacy of treatment or due to remission. This model is very similar to the CO analysis, but it keeps the efficacy-related dropouts in the analysis. A pure CO analysis may be overly positive toward the efficacy of the less efficacious compound because patients who dropped out due to inefficacy are excluded from such a CO model. Therefore, this model was applied in addition. It analyzes the efficacy of the antipsychotics for those patients who completed the study or discontinued it due to an efficacyrelated reason.
Effect sizes as statistical measures of the magnitude of the difference between amisulpride/olanzapine and CAs were used to compare the results based on the 4 different models. Effect sizes were expressed as standardized mean differences (SMDs). Various formulas for the calculation of SMDs are available. In the primary analysis, we used Hedges g and its standard error SE(g) according to the formulas:
and
where n 1 and n 2 are the number of patients in the amisulpride/olanzapine and CAs groups, respectively, F is the F value of the treatment contrast between amisulpride/olanzapine and CAs, and df e the number of degrees of freedom of its error term. 25(p22-23) ,65 Both were taken from an analysis of covariance using treatment as a factor and baseline BPRS as covariate. In the pooled database, ''study'' was used as a further covariate. The significance of the individual effect sizes was calculated as z = effect size/SE(effect size). P values below .05 (2-tailed) were considered to show statistical significance. All analyses were made with SPSS for Windows version 12.0 and Microsoft Excel 2000.
Results
Amisulpride
The results of the amisulpride studies are summarized in tables 2 and 3. In the pooled database, no dramatic differences between the 4 test conditions were found. Although the lowest effect size was found in the CO analysis (0.20), the range of the mean effect sizes was small (0.20-0.27), 95% confidence intervals overlapped broadly, and all 4 conditions yielded highly statistically significant superiorities of amisulpride (P = 0.01 or lower in all cases). The argument made in the literature that dropouts due to adverse events biased the results in favor of amisulpride was rejected because the exclusion of the dropouts due to adverse events in model 3 led to an only marginally lower effect size compared with the general LOCF model (0.23 vs 0.27). The lack of pronounced differences between models may be in part explained by a relatively small difference in terms of dropout rates between amisulpride and comparators of only 9.7%, although with the exception of uncooperativeness and recovery of the patients, the dropout rates for all the specific reasons were lower in the amisulpride group (see table 3) .
When the single studies were analyzed separately, a rather heterogeneous picture was found, however. For example, Wetzel et al 9 yielded the same directions of effect in the 4 models as in the pooled analysis. Again, the CO analysis (model 2) showed the lowest effect size finding even a minimal trend in favor of the CA (effect size: ÿ0.03). In Puech et al, 8 however, the lowest effect size was found in model 4 (LOCF but excluding all dropouts with the exception of inefficacy), possibly because in Note: g, the effect size Hedges g; F, F value; df = n 1 þ n 2 ÿ 3; n 1 , number of patients in the amisulpride group; n 2 , number of patients in the conventional antipsychotic group; CI-low, lower limit of 95% confidence interval; CI-up, upper limit of 95% confidence interval; P, P value; LOCF, last-observation-carried-forward.
contrast to the other studies, more patients in the amisulpride group than in the haloperidol group dropped out due to inefficacy. In Mö ller et al, 7 the highest effect size was found in the CO analysis, although again the results of the 4 models did not differ greatly. In the Colonna et al, 5 the conventional LOCF model yielded the lowest effect size so that again the efficacy superiority of amisulpride cannot be simply explained by LOCF. Carrière et al 6 was the study with the highest difference in terms of dropouts due to adverse events between amisulpride (4.1%) and haloperidol (21%). This may in part explain why here the effect size in model 3 excluding dropouts due to adverse events was indeed the lowest one.
Olanzapine
The results of the olanzapine studies are summarized in tables 4 and 5. Pooling all studies, the difference in terms of global dropout rates between olanzapine and haloperidol was somewhat more pronounced (17%) than in the amisulpride database (9.3%). Fewer patients treated with olanzapine than with haloperidol dropped out in all major categories. However, pooling the studies, the results based on the 4 models did not differ to any important extent with mean effect sizes between 0.23 and 0.28 and all P values below 0.001. Although the lowest effect size was indeed found in model 3 excluding dropouts due to adverse events, it is noteworthy that the highest difference between olanzapine and haloperidol was found in the CO model 2 rather than in the LOCF model. Therefore, in contrast to the assumption that the inclusion of dropouts in LOCF affected the results in favor of olanzapine, it seems the longer olanzapine was given, the higher its efficacy superiority became.
Looking at the single studies, again a heterogeneous pattern was found. While in Tollefson et al 12 the effect sizes of all 4 models were virtually identical, in Beasley et al, 11 the highest effect size was found in model 4 excluding dropouts due to inefficacy and the lowest one in model 3 excluding dropouts due to adverse events. In Beasley et al, 10 the highest effect size was found in the COs and the lowest one in model 4 excluding dropouts due to inefficacy.
Discussion
Our analyses show that higher rates of dropouts due to adverse events in the haloperidol groups and using LOCF alone do not explain the statistically significantly higher efficacy of amisulpride and olanzapine compared with CAs found in meta-analyses. 2, 3, 26 The pooled effect sizes found in all models analyzed were similar and showed statistically significant superiorities of the 2 NGAs even when dropouts due to adverse events were removed from the analyses. In Wetzel et al, 9 the comparator was flupenthixol.
The argument that LOCF biases study results in favor of NGAs assumes that adverse events are the main reason why patients terminate trials prematurely. In the olanzapine studies, however, most patients dropped out due to lack of efficacy because it has also been reported for a larger set of studies. 27 In the amisulpride studies, the most common dropout reason was patients' uncooperativeness, although the rates of inefficacy of treatment and adverse events were in the same range. Obviously, the effect of dropouts due to adverse events in an LOCF analysis depends on the proportion of patients terminating a study for this reason and whether the proportions differed between NGA and CA groups. For example, in the pooled amisulpride studies, 2.6 times more patients treated with CAs dropped out due to adverse events (5.6% vs 14.6%). If these numbers and their difference had been higher, they should have had a stronger impact on the results.
A number of methodological limitations of our analysis must be discussed. How representative are our results? For amisulpride, we analyzed all randomized comparisons with CAs available in the manufacturers' database. Only some older studies for which original patient data are no longer available due to changes of ownership of amisulpride could not be included. The latter studies were small and therefore did not have a strong impact on the results of meta-analyses. 2, 3 The olanzapine studies are not complete, but the 3 studies included are the largest comparisons of olanzapine with haloperidol and they were used for registration at the FDA. We want to emphasize that we did not specifically select favorable studies. Tollefson et al 12 was especially important for our purposes. It has recently been argued by Rosenheck 4 that in contrast to their own trial, 28 olanzapine was more efficacious than haloperidol in Tollefson et al 12 because in the latter, prophylactic antiparkinson medication was not used. Therefore, Rosenheck 4 speculated that many patients in the haloperidol group dropped out due to adverse events, and LOCF biased the results. However, the results in Tollefson et al 12 were virtually identical irrespective of the model we used. Only 4.5% (olanzapine) vs 7.3% (haloperidol) patients dropped out to adverse events so that this factor did not explain olanzapine's efficacy superiority. Another reason explaining the different results of Rosenheck et al 28 and Tollefson et al 12 may be that the population in the latter study was more chronic, which finds its expression in the minimal reduction of symptoms (about 10 PANSS points) during the 1-year course of the study.
We hasten to emphasize that our analysis focused solely on the effects of dropouts in combination with LOCF. A number of other biases might have potentially Note: g, the effect size Hedges g; F, F value; df = n 1 þ n 2 ÿ 3; n 1 , number of patients in the olanzapine group; n 2 , number of patients in the haloperidol group; CI-low, lower limit of 95% confidence interval; CI-up, upper limit of 95% confidence interval; P, P value; LOCF, last-observation-carried-forward.
led to artificial efficacy superiorities of the new antipsychotics. For example, side effects could have played a role. Haloperidol induces EPS such as parkinsonism or akathisia that can mimic negative symptoms or agitation.
In the absence of prophylactic antiparkinson medication, these side effects can have artificially inflated the BPRS ratings of the haloperidol-treated patients. 4 In contrast to Tollefson and colleagues, 12 Rosenheck et al 28 did use prophylactic antiparkinson medication. Another potential source of bias is that many patients in the studies had previously been partial nonresponders to haloperidol. If such patients are randomized to haloperidol, their chance to respond is lower than if they are randomized to a new compound with a different receptor-binding profile. Indeed, first-episode studies have usually shown small or no efficacy superiorities of NGAs, [29] [30] [31] but first-episode patients respond so well that ceiling effects are a problem. To assess these and other factors, further analyses are needed.
A further important limitation of our analysis is that the reasons for dropping out are not validated in such studies. In our experience, the description of the dropout reason is often straightforward. But there are also occasions when, eg, a patient experiences a side effect without complaining about it, simply saying he no longer wants to be part of the study, and this is classified as ''consent withdrawn,'' or a patient decides to participate in a study because he hopes to receive treatment with a new antipsychotic. If he then realizes that he is receiving haloperidol because he experiences EPS, he may withdraw from the study and give some other reason. How often such problems occurred in our studies is unclear. This is not a problem for the newer mixed-effects model techniques because they ignore the reason for withdrawal anyway and simply include all cases as far as they go (see below). This issue has received little research attention. Perhaps a probing question could sharpen these data and increase the precision of measuring this effect.
We also do not conclude that LOCF should be the primary model used to analyze antipsychotic drug trials. Regulatory authorities such as the FDA preferred LOCF in the last decade, but they also asked for sensitivity analyses. In our individual studies, a variety of patterns were seen and occasionally CO analyses yielded the worst result. We have the impression that currently the choice of LOCF or CO analysis is often based on which model showed the best results for the manufacturer's drug. 32 There is also a trend to use more complex mixed-effects designs to analyze antipsychotic drug trials. Their general idea is to use information from the observed data to provide information on the missing data, but missing data are not explicitly imputed. 33 We did not apply such an approach because our question was not what the ''best'' way of analyzing such studies is but only whether higher dropout rates due to adverse events in the haloperidol group combined with the use of LOCF biased the findings in favor of atypical antipsychotics. Mixed-effects models would not have been able to answer this specific question because missing values are estimated in these models, irrespective of the reason for dropout. Thus, for the purpose of our specific question, our ''pragmatic'' method was more appropriate.
Although we go beyond the scope of our article here, we want to briefly summarize the current debate around newer statistical methods for randomized clinical trials. The general problem is how dropouts in RCTs need to be addressed. Theoretically, there are 3 different situations: (1) Data are missing completely at random (MCAR) if the missingness is related neither to observed 33 Leon et al 34 classified the multiple strategies for coping with dropouts into 3 groups-''complete case analysis,'' ''imputation strategies,'' and ''analyses of incomplete data'' (mixed-effects models, pattern mixture models, and propensity adjustment). ''COs-only'' analyses assume MCAR, although this assumption is unlikely for RCTs in schizophrenia. Nevertheless, they can be useful sensitivity analyses as carried out in our analysis. 34 LOCF is a crude method of imputation which also assumes MCAR and which assumes that the subjects' responses would have been constant after dropping out. This is unlikely to be true. Indeed, LOCF has been shown sometimes to overestimate and sometimes to underestimate treatment effects. 33 For example, in a recent first-episode study in schizophrenia, LOCF did not find olanzapine to be more efficacious than haloperidol, while a mixed-effects model did; thus, LOCF was more conservative. 30 Much more sophisticated imputation strategies than LOCF exist, such as ''multiple imputation.'' Among the analyses of incomplete data, mixed-effects models have recently been advocated for. 33 Here, the observed information is used to provide information about the missing data. In contrast to LOCF, mixed models assume only MAR; they have been shown to be more robust in the face of the biases of missing data and to control better for type I and type II errors, although in many occasions the results were the same. 33 A number of questions on mixed-effects models remain open. The phenomena we have been exploring, namely, the different rates of dropouts due to adverse events, may affect certain mixed models. We plan a parallel analysis using mixed models to examine this question. In contrast to LOCF or CO analyses, mixed models are hard to understand intuitively. There are a number of different approaches, but authors rarely explain among which models they chose, why they decided on a specific one, and to what extent the assumptions of the model were met. This leads to an uncertainty in the reader, and the concern about potential misuse (by picking the model that fits one's purposes best) has been expressed. 35 Guidelines describing the different models and the situations for which they are best suited along with standards for reporting are needed to enhance the transparency of these complex methods. 35 Again, for our specific question, they were not the most appropriate tool.
We conclude that higher dropout rates due to adverse events combined with using LOCF did not consistently bias the results of RCTs in favor of amisulpride and olanzapine. The results of single studies, however, varied. Future analyses should look at the data from different angles. A further elaboration of alternative statistical approaches, such as mixed-effects models, for dealing with dropouts is needed. Finally, strategies to reduce the dropout rates in such studies are urgently needed.
